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ABSTRACT
The purpose of the following study was to evaluate and
compare the corrosion protection capabilities of specific packaging
devices / systems-high barrier film lamination, desiccant and
oxygen absorber. The hypothesis of this particular study states that
a film pouch constructed from a high barrier film laminated
material, can offer a moderate to high degree of protection for
metal surfaces exposed to a highly corrosive environment. The
particular high barrier film laminated pouch (film pouch)
incorporated film layers of polyester, aluminum foil and
polyethylene into its structure. The particular metal surface used in
the study was a commonly used metal-cold rolled steel.
Each set of metal testing subjects, called populations,
contained four separate packaging systems. These four systems had
a common element-they all contained the film pouch. The four
systems were broken down into separate testing populations-one
testing population contained a metal test subject enclosed alone in
the film pouch, another population contained a desiccant with the
metal subject in the film pouch, another population contained an
oxygen absorber with the metal subject and another population
contained both a desiccant and oxygen absorber with the metal
subject.
The methodology used to test the hypothesis centered around a
controlled humidity chamber laboratory study. This particular test
used high temperatures, moderate to high levels of relative humidity
and atmospheric corrosive contaminants in the form of pollutants.
This atmosphere was intended to simulate a heavily industrialized
manufacturing setting where products would be produced, packaged,
shipped and/or stored under these highly corrosive conditions. The
testing period lasted 30 days. Thirty days was used to simulate a
moderate to long exposure period that products could see during the
process of packaging, shipping and/or storage.
The resulting data from this experiment were measured and
evaluated by using two main criteria that indicate a metal subject
has been exposed to a corrosive condition-changes in the weight
and changes in the surface appearance (i.e., discoloration-caused by
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corrosion contamination). This particular data was gathered,
organized and studied. The various populations were then evaluated
for their protection capabilities. Next, recommendations regarding
areas of further studies were made. These particular
recommendations should help to identify any areas that may have
given flawed or inaccurate test data. From this information any
future testing of this sort may be able to achieve a higher degree of
accuracy for its data.
In the final conclusions of this study, the testing data showed
evidence that strongly supported the stated hypothesis. In addition
to this, the final test results also showed an unexpected result.
This result dealt with the oxygen absorbers incorporated into this
study. The particular metal testing populations that contained these
protective packaging substances recorded substantially higher
levels of visual corrosion contamination when compared to the other
populations. This phenomena, and possible reasons for it, are
discussed in the CONCLUSION section of this study.
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CHAPTER 1
INTRODUCTION
The significant dollar losses that can occur when metallic
products are damaged or lost, due to rust and corrosion, force many
manufacturers to concentrate efforts on corrosion control and
prevention during packaging, shipping and/or storage. This effort is
especially noticeable in industrialized nations, where there are a
significant number of products that incorporate metal(s) into their
structure. The current cost of damage due to corrosion in our
industrialized country alone, exceeds $100 billion per year, or
around 4.2% of the U.S. gross national Corrosion not only
affects a metallic product's ability to function properly, but also
has an impact upon its appearance, which can ultimately affect the
sale. For instance, tarnish and rust, which are visible examples of
corrosive conditions, seen on metallic products (or their labels), can
affect
consumers'
perception of the product value. Tarnished, rusted
and/or corroded goods can not only negatively affect the bottom line
of a company but the reputation as well, should the products be
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rejected by consumers in the marketplace. Henceforth, when the
term "corrosion" is used, it will encompass the conditions of tarnish
and rust.
Legislation can play a part with respect to corrosion, case in
point being the U.S. Internal Revenue Code (IRC) Section 936. This
Section allows significant tax credits for "substantial" sized U.S.
corporations who choose to relocate a portion of their facilities to,
and conduct business from, the Commonwealth of Puerto Rico and
the U.S. Virgin Islands.2 Large U.S. corporations (most notably in the
pharmaceutical industry) have taken advantage of this legal action
thus exposing product and machinery to a highly corrosive
environment (i.e., high temperatures, humid conditions) that lasts
most of the year, especially in Puerto Rico.
A general definition of corrosion is as follows:
the result of a reaction between a metal and the
environment in which it is placed. It is an
electrochemical reaction brought about by water and
some contaminating substance that acts as an
electrolyte on the bare metal surfaces on which the
moisture has been deposited.3
Atmospheric water vapor can start the reaction, particularly at high
temperatures.4 Corrosion may also occur in the absence of a liquid
electrolyte, this is sometimes called
"dry"
corrosion.5 This "dry"
corrosion happens "when a metal is exposed at room or elevated
temperatures to an oxidizing gas (e.g., oxygen, sulfur or halogens)."6
This reaction is commonly referred to as oxidation.
A typical distribution cycle will generally introduce products
to different temperatures and atmospheric environments. For
instance, here in the United States 66% of the country has
temperature fluctuations of around 30F, and these fluctuations
occur approximately 243 days out of every 365.7 Dramatic
temperature fluctuations such as these can encourage condensation
on the surface of products. Left unattended, this condensation can
allow corrosion to take a foothold on products susceptible to
corrosion contamination (i.e., canned goodswhich incorporate
metal(s) into the packaging structure). The amount and degree of
corrosion depends on the metal surface and the amount of time the
condensation is present. Products requiring global shipping and
storage risk exposure to even more dramatic atmospheric conditions
and changes. Severe changes in weather patterns can also make once
effective methods of corrosion protection obsolete.8
Atmospheric contaminants in the form of pollutants (i.e.,
sulfur) initiate and accelerate corrosion damage to metal surfaces.
These contaminants are predominantly found in large industrial
areas. The degree of corrosion damage depends on the contaminant
and on the amount of time that the metal is exposed to this type of
environment. Many products worldwide will originate in or
encounter these environments during shipping and/or storage.
To date, there are only two substances that are completely
impervious to the effects of rust and corrosion-glass and
platinum.9 Glass is excluded from many applications as a protective
packaging device against corrosion due to its inability to resist
shattering. The high costs associated with platinum usually keep it
from being considered as a common protective packaging corrosion
resistant material. Some of the more common practices and
traditional methods of surface protection for metals are
[S]elect a metal or material that'll [sic] work well in a
specific corrosive environment; coat the metal with
paint, grease, wax or the like, or surface it by
galvanizing plating or porcelainizing, or couple zinc, a
less corrosive resistant metal, with a more corrosive
resistant metal such as steel to provide cathodic
protection~a system in which zinc is sacrificed for the
steel.10
Each of these methods, however, has its own drawbacks and
limitations. For instance, coatings such as paint, grease and wax
can be rubbed/chipped off or melted away. Galvanized metal
surfaces will eventually succumb to the effects of a corrosive
environment and
[E]ven stainless steel and aluminum-supposedly rust-
resistant and impervious to oxidation when properly
fabricated and installedwill corrode or oxidize under
certain circumstances, depending on the type of alloy
used in their manufacture, on the techniques used when
the parts were fabricated, and on the amount of exposure
the metal is subjected to.1 1
Generally metallic products require a packaging scheme that
will protect the product against corrosive environments. This is
especially true for products being shipped long distances and/or
stored for considerable amounts of time. To date, there are mainly
two classifications of packaging systems, rigid and flexible.
Designing an effective corrosion resistant packaging scheme must
consider not only the product's size, shape and susceptibility to
corrosive elements (i.e., oxidation, moisture, atmospheric
pollutants) but also the corrosion resistance ability found in the
packaging materials used. For instance, rigid non-permeable
structures such as glass and metallic structures such as aluminum,
tinplated steel and platinum are examples of packaging materials
having superior barrier properties against rust and corrosion.
However, they have significant drawbacks when products require
flexible and/or low cost protective packaging. To overcome such
drawbacks, one economical and practical solution would be to
consider using a protective package incorporating a flexible high
barrier film laminate structure.
Flexible high-barrier film laminations are the combining of
two or more films through the use of a bonding agent. By combining
such films through the process of laminating, it is possible to get
the best possible combinations of protective properties each film
has to offer (i.e., laminating a film that is a good barrier to moisture
to one that is a good barrier to gases). Laminations of high barrier
films are also durable enough to protect a variety of products under
rigorous distribution conditions, while being relatively inexpensive
(depending on the application). One significant way to measure the
performance of such films is to measure their ability to be a barrier
to gases and vapors that are able to permeate a film structure.
"Permeation is the passage of gases and vapors directly through a
material by dissolution into one surface, diffusion through the bulk
of the material, and desorption from the other surface, all caused by
a partial-pressure gradient. For packaging applications, it is very
important to determine the permeation rate through the walls of a
production package."12 Since corrosion can be caused by particular
gases (i.e., oxygen) and vapors (i.e., sulfur) it is important to know
the permeation rates when considering a particular film laminate
for protective packaging. There are several methods for testing the
permeation rates of flexible film structures.13 The main equation
used to measure the rate of permeation by gases and vapors during
testing is:
cc/mils/l00n2/24hours/T/RH%/latm. /at 1 mil thickness14
In this equation,
"n" is inches,
"T" is temperature, "RH" is relative
humidity and
"atm" is atmosphere. "The units represent the volume
of the gas which would pass through a piece of the packaging
material which is 1 mil thick and has a surface area of 100 in2 or 1
m2 in a 24-h period if the partial pressure differential across the
film is 1 atm."15 The lower the amount of vapors and gases a film
allows through it, the better the film is^ rated. The durability of
these films are commonly measured by determining such properties
as stress levels a film can endure (ultimate tensile strength),
stretch ability of the film (elongation), and flex resistance
(resistance a film has to cracking under stress).
To add extra corrosion protection to high barrier film
laminates, drying agents, known as desiccants can be used in
combination with barrier films. Desiccants were developed to
control damaging levels of moisture a product may encounter. Two
of the most commonly used desiccants are clay based and silica gel
based. Both products are designed to work best when placed in close
proximity to the product. The amount of desiccant used depends on
the product, product size, packaging characteristics, environmental
conditions and the amount of time the product will encounter these
conditions.
8
A clay based desiccant is comprised of a chemically inert,
non-corrosive, calcium aluminosilicate clay.16 It has the ability of
absorbing up to half its weight in moisture.14 "Silica gel (synthetic
silicon dioxide), first patented in 1919, is capable of adsorbing up to
40% of its weight in water."15 The basic difference between the
two substances is that calcium aluminosilicate clay completely
takes in moisture (absorbs), and silica gel allows moisture to adhere
to its surface only (adsorbs).
Much the same as the desiccant, oxygen absorbers are
purported to be a device that can combat the detrimental effects of
corrosion. Oxygen absorbers are designed to protect against the
corrosive effects of oxidation to a product by removing oxygen from
the vicinity of a product. They are designed to be used in
hermetically sealed environments situated as close as possible to
the product intended for protection. A main reason for their use is
that "conventional preservatives, antioxidants, gas purgings and
vacuum packing often are not effective because they do not
completely eliminate the
oxygen."19 A leading manufacturer of this
product who caters largely to the food packaging industry, further
describes this mechanism and details its capabilities below.
Oxygen absorbers are small packets of safe, nontoxic
powered minerals which have the ability to chemically
absorb virtually all of the oxygen inside a food package-
to less than .01% (depending upon the application). The
outer material of the packet is gas-permeable, which
allows oxygen to penetrate and be absorbed by the
powder. The atmosphere remaining in the package will
be almost 100% nitrogen.20
Volatile corrosion inhibiting (VCI) papers offer protection
during shipping and storage of products prone to corrosion. VCI
papers are designed to be used in direct, or very close contact to the
product in an enclosed environment. Protection comes from a
continuous vaporization of a paper treated with anti-corrosive
chemicals such as Urea, Sodium Nitrate and Sodium Benzoate.21 The
drawbacks are that this paper can be torn on sharp edges and certain
brands of VCI papers are not recommended for some commonly used
alloys, (i.e., aluminum, zinc plated steel and iron, brass, copper).22
(Because of these characteristics and restrictions, VCI papers were
excluded from being a part of this study).
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There are several laboratory methods for studying the effects
of corrosion on metal surfaces (i.e., Total Immersion, Salt Spray,
High Temperatures, Humidity Chamber, Atmospheric Exposure, Sea-
Water Corrosion, etc.).23 Of these methods, humidity chamber
testing has become a common and popular evaluation tool. Humidity
chamber testing works on this principle: the higher a temperature
rises, the more a corrosive chemical reaction will occur. This type
of test has a long history of being an effective method for corrosion
evaluation for a variety of materials and substances. The focus of
this test is to develop quickly simulated actual outdoor
environments using controlled laboratory conditions. Simulated
environments can be altered to meet the needs of the test (i.e.,
higher/lower RH%, higher/lower temperatures and longer/shorter
exposure times).
Flexible high barrier films and desiccants are also continually
expanding their market share as corrosion protection devices. For
instance, antique and classic car owners can now protect their
investments by purchasing their own barrier film/desiccant
packaging system. 24 This system is mainly designed to prevent
1 1
corrosion during storage. Marina and boatyard owners have also
found this combination of barrier films and desiccants to be an
effective means of corrosion protection when winterizing their
customers boats. More recently, the welding industry has found a
higher level of corrosion protection through the use of a new high
barrier film lamination.25 Oxygen absorbers have been viewed as
devices that prevent corrosion by eliminating gases causing
oxidation. However, there appears to be limited published
information available concerning examples of oxygen absorbers as
corrosion prevention devices. One report that does support this
claim comes from a major supplier of oxygen absorbers. This
company claims that their product "Stops Rust Formation on Metal
Products."26
In summary, high barrier film laminations appear to be capable
of supplying a high degree of protection against corrosive
environments/conditions. Desiccants and oxygen absorbers are
documented as being good protection devices against a corrosive
environment. However, the evidence backing up this claim for
oxygen absorbers does not appear to be as well published as it is for
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high barrier film laminations and desiccants. Despite this, oxygen
absorbers will be included in the following study as a means of
documenting its corrosion protection capabilities, when compared to
barrier film laminations and desiccants. Laboratory controlled
humidity chamber tests offer an effective corrosion testing
mechanism in which to evaluate the corrosion protection afforded by
these devices/systems.
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HYPOTHESIS
A high barrier film laminated pouch can offer a moderate to high
degree of packaging protection for metal surfaces exposed to a
highly corrosive environment.
To test this hypothesis, metal test specimens were subjected
to a humidity chamber test. This test was performed under
controlled laboratory conditions that simulated a highly corrosive
environment. This particular environment contained a concentrated
amount of atmospheric corrosive contaminants, moderate to high
levels of relative humidity (RH) and high temperatures. One metal
specimen was enclosed alone in a sealed high barrier film laminated
pouch and designated the "control specimen." The exposure period
represented a moderate to long shipping and/or storage time-30
days. Comparisons were made between this specimen and specimens
that were enclosed in the balance of the sealed protective pouches
with their designated contents. Data on the results of this
comparative study were then recorded and documented (DATA
section). The following section, METHODOLOGY, will outline the
particular testing procedures used in this study.
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CHAPTER 2
METHODOLOGY
There are three main exercises needed to complete the testing
methodology. The first exercise is concerned with securing a
quality metal test sample. The second exercise is the development
of humidity chamber testing procedures/techniques that will
produce a significant corrosive environment. The third exercise
deals with gathering quality products that will make up the
protective pouch packaging scheme (high barrier flexible film
laminate, desiccants and oxygen absorbers).
Quality metal test samples are available through a number of
suppliers nationwide. The main criteria used in choosing the test
sample for this study were:
consistency in the material make-up of the sample.
This is important so as to minimize variability of
corrosion test results due to an inconsistent mix of
alloys/finishes used in the sample;
samples must be clean and free of contaminants that
might affect the data of a corrosion study.
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Further details on this subject are discussed in the TEST MATERIALS
SELECTION section.
There are different types of humidity chamber tests that use
controlled laboratory conditions for corrosion testing. The needs of
the study will determine the particular test used. The humidity
chamber test chosen for this study provided the results needed to
test the stated hypothesis. This test method had demonstrated the
ability to show the desired results in a timely manner in other
studies.27 The procedures incorporated into this test utilized a
humidity chamber with an internal environment containing constant
levels of high temperatures, moderate to high levels of relative
humidity and corrosive atmospheric contaminants. Further detailed
information on the materials and procedures used for this humidity
chamber test are shown in the TEST MATERIALS SELECTION and
SAMPLE PREPARATION sections.
A high barrier flexible film laminate was selected to act as
the protective pouch (package) for the test. The particular film
lamination was chosen for its barrier properties and durability
characteristics. Barrier, durability and properties testing data were
16
collected from standard laboratory testing procedures for these
products. Well established and reputable suppliers were chosen to
provide the desiccants and oxygen absorbers. Further information
detailing the testing procedures for these devices is shown in the
TEST MATERIALS SELECTION and SAMPLE PREPARATION sections.
Following the preparation procedures of the test samples, a
set of steps were developed that properly performed the humidity
chamber test from start to finish. These steps are detailed in the
EXPERIMENTAL PROCEDURES section. Results from this particular
experiment are then compiled and documented in a manner that is as
clear and precise as possible. The DATA section will detail this
information in such a manner.
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TEST MATERIALS SELECTION
The testing materials were secured after researching testing
standards and consulting trade organizations and industry
representatives concerning the objective and testing protocol of
this particular study. Information was gathered from such trade
organizations as the American Society For Testing And Materials
(ASTM), American National Standards Institute (ANSI), National
Association of Corrosion Engineers (NACE), Society of Automotive
Engineers (SAE) and the Institute of Packaging Professionals (loPP).
Standardized test samples were supplied by THE Q-PANEL
COMPANY. This particular company specializes in supplying
standardized steel and aluminum substrates for the purpose of
testing coatings, adhesives and corrosion inhibiting devices. Q-
PANEL conducts "rigorous inspection at several processing stages
from raw materials to finished product".28 Because of these
measures, metal variability is greatly reduced as a source of bias
during testing. The test panels are shipped thoroughly cleaned so as
to remove any dirt, oil, fingerprints or handling marks. The
3"
x 5",
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thick panels come with the company's designation-Type R."29
Material specifications for Type R are as follows:
Steel panels are made from standard low-carbon cold
rolled steel complying with SAE 1010, ASTM A-366,
A109 and QQS 698. Type R panels have a dull matte finish
produced by roughened rolls. This matte finish is
representative of general purpose sheet metal
applications.30
The humidity chamber used was a standard 2L glass laboratory
desiccator. Inside the desiccator, chemicals were introduced to
create and control an environment containing moderate to high
levels of RH with corrosive atmospheric contaminants. Potassium
chloride crystals and saturated solutions of KCL (potassium
chloride) were used to create humidity. Diluted solutions of IPI
Silverlock along with Glacial Acetic Acid created an atmosphere
containing corrosive vapors. Potassium polysulfides and citric acid
are the ingredients of IPI Silverlock. The solution was diluted
with common tap water. The chemicals used for this study were all
of reagent grade. A constant rate of heat was generated from a
commercially built laboratory oven, supplied by VWR Scientific, Inc.,
a subsidiary of Univar. Inside the desiccator, a standard porcelain
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support plate, aerated with machined out holes, was inserted. On
top of this plate was placed a filter paper made of pure cellulose,
supplied by Whatman. This plate supported the test specimens.
The barrier film material was a laminated structure chosen
for its barrier and durability properties. This particular film
structure contains 75 gauge polyester, 35 gauge aluminum foil and
3.5 mil low density polyethylene. The polyester film acts as a tough
outside layer to protect against abrasion and tearing. The layer of
aluminum foil is utilized as the gas and moisture barrier material
and the low density polyethylene film acts as the sealing layer for
the structure. This particular film comes from the ground coffee
vacuum packaging industry, where durability is needed to stand the
rigors of production and excellent barriers to oxygen and moisture
are essential to keeping the product safe from contamination and
spoilage. This multilaminated film was supplied by fres-co
Systems, USA, INC. fres-co Systems USA supplied tensile,
elongation and flex resistance data (Gelbo flex data). Gelbo flex
data is derived from a Gelbo flex instrument. This particular testing
machine is designed to repeatedly twist and turn films. The oxygen
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permeation rate of the film is then determined. Resistance to
twisting and turning of the film is measured by the resulting oxygen
transmission rate. The lower the rate, the more durable a film is.
The film's barrier and durability properties were tested by fres
co's in-house laboratory, and supplied by company documentation.
This information is documented in Table I on the following page.
fres-co provided pricing information based on the following
criteria:
Prices are approximations.
Prices are based on fabricated 3-sided film pouches,
with one end left open for product insertion.
Pricing covers pouches sized from approximately
3"x3"
to 12"x12".
Shipping: F.O.B. Mill (Telford, PA).
Pricing is broken down into the following quantities:
Quantity Price/Pouch *
10,000 $0.63
100,000 $0,311
500,000 $0,279
1,000,000 $0,273
31
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Table I
BARRIER FILM PROPERTIES *
PROPERTIES UNITS TYPICAL VALUE
Ultimate Tensile MD psi 7,100
Ultimate Tensile TD psi 7,300
Ultimate Elongation MD % 89
Ultimate Elongation TD % 61
Oxygen Permeability cc/100 in2/24 hrs <0.01
Oxygen Permeability cc/100 in2/24 hrs <0.01
After 20 Gelbo Flexes
Moisture Permeability g/100 in2/24 hrs <0.02
Thickness mil 4.90
'32
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Desiccants were supplied by the Davison Chemical Division of
W.R. Grace and Co.-Conn, ("the first to make desiccants for
packaging").33 The industry trade name for these particular
mechanisms are DRI-PAX. They are a silica gel based desiccant,
(Davison Chemical is also "the world's foremost synthetic silica
maker").34 Silica gel has been shown to have significant advantages
over a clay based desiccant. These features/benefits are:
MOISTURE CAPACITY
Silica Gel has 50% more capacity at high relative
humidities and over 100% more capacity at low RH's. The
benefit to the user is less desiccant volume or weight
required to handle a given requirement.
DUSTING/PARTICLE STRENGTH
Since clay is inherently weaker than silica gel, it has a
substantial amount of dust or fines. To offset this
disadvantage, clay is packaged in less porous bags which
adversely affects the moisture vapor transmission rate
(MVTR). Obviously, if the bag is punctured during
handling or in use, a substantial clean up problem exists
due to clay dusting.
FDA COMPLIANCE/PURITY
Since Silica Gel is synthetically made, it is chemically
pure (i.e.. typically 99.8% silicon dioxide-Si02) and does
not have the obvious chemical contaminants associated
with a mined clay product. Silica Gel is by far the
product of choice for use in foods for free flow and
thickening applications. In addition, due to Silica Gel
purity, it is the preferred choice for many electronic
23
applications, which can be affected by low level
inorganic chemicals such as Fe, CI, Br, etc.
SAFETY ISSUES
Silica Gel is amorphous and does not include crystalline
silica or quartz which has been deemed a suspect
carcinogen at levels above 0.1% by IARC (International
Association for Research on Cancer). Clay desiccants
typically have quartz levels greater than 1%.
DESICCANT LEACHING
As clay adsorbs moisture, it breaks down to a mud-like
consistency and can leach from bags and contaminate the
very product it is protecting. Silica Gel does not break
down, and in fact, maintains its structure even when
totally saturated with moisture.35
The desiccant is enclosed in a durable packet "made of a tough non-
woven polyolefin fiber which minimizes penetration and maximizes
seal strength."36 Leakage of the desiccant material is "eliminated by
use of a specially designed breathable paper barrier."37 The
desiccant is designed to be effective for up to 12 months.38
Desiccants are designed to be manually or automatically dispensed,
depending on the production requirements. Ordering requirements
along with approximate pricing for these particular desiccants are
shown on the following page.
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Silica Gel Desiccant Pricing *
Quantities Pricing/1 Gram Packet **
4,000-300,000 $0.08
300,000 and up $0.04 - $0.05
CRYOVAC distributes the oxygen absorbers used in the study.
Mitsubishi Gas Chemical Company (MGC), Inc., of Chiyoda-Ku Tokyo,
Japan, manufactures and supplies the product to CRYOVAC. The trade
name of AGELESS is used, and designated "type-size Z-50" by MGC.
"The major component of AGELESS is powdered iron oxide."40 The
absorbers are shipped with an indication "tablet" adhered to its
shipping pouch. The color of this item indicates the quality level of
the absorber. If the tablet is pink, the quality is good, (less than
0.1% of oxygen is contained in the shipping pouch), if the tablet is
blue, absorbers are defective and/or contaminated by oxygen and
must be discarded.41 (The particular samples used in this study
contained a pink colored tablet). AGELESS is designed to be used
with desiccants if necessary and with a packaging material that is
*Minimum of 4000 per order.
**39
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completely sealed containing good to excellent oxygen barrier
properties ("20 cc/m2 atm day or less is recommended").42 The
length of time the absorber stays effective depends on the oxygen
barrier properties contained in the particular packaging material
used. These items can be manually or automatically inserted during
production. Pricing for this particular oxygen absorber depends on
quantities ordered and application of this item. A pricing
approximation of Z-50 for general use is $0,025 - $0.03 per
packet.43
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SAMPLE PREPARATION
Ten metallic test panels were used. Each panel was cut into
approximately four equal parts by an industrial band saw (total of
40 samples). The metal samples were then identified as
"specimens"
and had their corners rounded off by an industrial
sander so as not to puncture the film pouch material. After
reviewing ASTM Designation: G 1 - 90, section 6.,44 the metal
specimens had identification numbers etched onto their surface with
an industrial scribe. Specimens were then visually inspected and
weighed by a recently calibrated electronic scale. This analysis is
documented in the DATA section. The handling of samples was kept
to a minimum so as not to contaminate them. When handled, plastic
laboratory gloves were used.
High barrier packaging film pouches were then hand fabricated
from the film material supplied by fres-co. This procedure was
performed by an 800 watt thermal impulse heat sealing machine
manufactured by Vertrod Inc. The settings used on the instrument
were 10 Dwell Time and 10 Heat Level. A pouch size was determined
that accommodated all of the needed testing items (metal
27
specimens, desiccants and/or oxygen absorbers). The size found to
be sufficient was approximately
3.5"
x 3.5".
Sets of specimens were identified. Film pouches were
numerically identified (with a permanent ink magic marker). There
were a total of eight sets. Each set of specimens contained five
specimens. The following shows how a typical set was identified
(metal specimen set #1):
Specimen #1 -metal specimen, inserted
unprotected in humidity chamber and scotch taped to
specimen #1A (this was so the specimen would be accurately
identified should the corrosion completely cover the metal
specimen etched identification number). The sole purpose of
this specimen was to record the effect of the humidity
chamber corrosive atmosphere on these particular metal
surfaces.
Specimen
#1A-"control"
metal specimen inserted alone
into barrier film pouch and heat sealed closed. This was the
metal specimen that all others would be evaluated against.
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Specimen #1B-metal specimen inserted with desiccant into
barrier film pouch and heat sealed closed.
Specimen #1C-metal specimen inserted with oxygen
absorber into barrier pouch and heat sealed closed.
Specimen #1D-metal specimen inserted with both desiccant
and oxygen absorber into barrier pouch and heat sealed closed.
The amount of desiccant to be used was figured to be 1 gram.
This amount was designed to be effective for approximately one year
for a sealed pouch up to approximately 59 square inches in size.45
The calculated amount was figured by the desiccant supplier by
using a rather complex formula incorporating a
"unit"
measure. This
"unit"
of desiccant measure is derived from U.S. Military
Specification MIL-D-3464. A "unit" defined by MIL-D-3464 for a
desiccant is described below.
This "unit" is defined as the weight of desiccant
required to adsorb three grams of moisture at 20%
relative humidity and six grams at 40% R.H. at a
temperature of 25 C.46
The amount of oxygen absorber needed was derived by figuring
out the amount of oxygen in the test pouches. This was calculated
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by using the formula and following the set of procedures outlined
below.
Wt. of prpg'.(q)
O2 in Container={make-up water volume (ml) Specific gravity(=1)} x .20
(ml)43
li
Make-Up Water Volume Procedures
(needed for above equation)
(A) fill a vessel, large enough to hold the pouch,
completely with water and place pouch with its
maximum contents (metal specimen, desiccant and
oxygen absorber) enclosed into vessel and let water
overflow,
(B) remove container from vessel;
(C) measure the make-up volume of water-this is the
"make-up water volume."48
The following numbers used in the calculations of this particular
study were derived at by using the maximum weight of each test
material/device (film pouch, desiccant and oxygen absorber):
Specific gravity = 1
Weight of product = 35.3067g
Make-up volume of water = 64ml.
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These numbers plugged into the formula on page 30, yields 5.7387ml
of O2 in this film pouch. According to CRYOVAC literature, the
amount of AGELESS oxygen absorber needed would be at least "Z-
5.7387" "Z" is the company's designation for the amount of O2 its
product can absorb. CRYOVAC however, does not produce a Z-5.7387
product. After review of the oxygen absorber product
specifications/ information, an AGELESS Z-50 was shown as the
nearest product to a Z-5. This oxygen absorber was many times
stronger than what was needed for this particular experiment.
Each sealed pouch including its designated contents were then
subjected to testing procedures as outlined by "ASTM Designation:
D-3078-84-Standard Test Method for detecting leaks in heat-
sealed flexible packages."49 This particular "test method covers the
determination of gross leaks in heat sealed flexible packages."50
However, "small leaks may not be detected."51 The vacuum pressure
station apparatus used was an AIR CADET manufactured by Cole-
Palmer Instrument Company. The chamber used was a NALGENE
VACUUM CHAMBER, manufactured by NALGENE COMPANY. Highlights
of the tasks this particular test incorporated are shown on page 32.
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Highlights Of Testing Procedures Performed In Order To
Evaluate The Performance Of Heat-Sealed Packages
Each pouch was submerged in a transparent ten gallon plastic
vacuum chamber. This chamber had a lid that could be sealed tight
during the vacuum process. Next, a water level three inches above
the pouches was inserted. To hold the pouches under water during
the vacuum process, a small wire cage was devised. This cage was
constructed in such a manner as to have no sharp edges or corners
that could puncture or tear the pouch.
_
Each pouch was held under 20 in Hg Vac (inches of Hydrargyrum
(Mercury) vacuum) for approximately two minutes. During this time
the pouch was studied to observe any air bubbles that may rise from
the pouch.
J
After the vacuum was released on each pouch, the pouch was cut
open and the contents were observed for any detection of moisture.
After this observation was made and documented, the pouch was
sealed back up as quickly as possible to minimize possible
contamination.
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The results of the vacuum chamber experiment are shown in the
DATA section. These same testing procedures were repeated at the
end of the humidity chamber experiment (except no resealing of the
pouch was required). These results are also shown in the Data
section.
Chemical solutions used to make up the atmospheric
pollutants/contaminates for this particular experiment consisted of
diluting the IPI Silverlock with tap water to a 1:25 dilution. For
this particular study, 50ml of water was added to 2ml of IPI
Silverlock. When this combination of these particular chemicals
were heated to a constant 50C they produce a constant RH of 80%-
85%. The laboratory oven was preheated at least 30 minutes prior to
testing at a setting of 50C. EXPERIMENTAL SET OF PROCEDURES
(following page) will now detail the steps used for the testing
protocol.
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EXPERIMENTAL SET OF PROCEDURES
The following set of procedures are designed to create a consistent
corrosive environment for laboratory studies. These procedures are
designed to be set up quickly and easily in order to replicate this
type of environment should other types of testing be desired (i.e.,
cyclical testing-cycles of the same testing procedures in order to
compare the results of the cycles). These steps cover pages 34 and
35.
Step
# 1 . Added the following amounts of chemical solutions to bottom
of each desiccator:
A. 5 grams, Potassium Chloride crystals.
B. 15.5ml, saturated solution of KCL.
C. 500 microliters of IPI Silverlock dilution.
D. 500 microliters, Glacial Acetic Acid.
34
Step. Continued
#2. Cellulose filter paper was placed over porcelain plate (used
for support of specimens), then inserted into desiccator with
approximately 100 microliters of IPI Silverlock dilution
saturated into paper.
#3. All test specimens were added. Pouches were spaced as evenly
as possible apart from one another and the unprotected metal
samples were scotch taped to their appropriate sets. There
were a total of 4 desiccators each having 10 specimens in
them.
#4. The top lid of the desiccator was sealed with black electrical
tape (to prevent any corrosive vapors from leaking out).
#5. Desiccators were placed in oven for 30 days.
A diagram illustrating a typical desiccator and its contents, before
entering the oven, is shown on the following page.
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Porcelain
Support
Plate
Chemical
Solution
Unprotected
Metal
Specimen
HUMIDITY CHAMBER (Desiccator) and CONTENTS.
Figure 1
36
CLEANING AND EVALUATION OF SPECIMENS AFTER HUMIDITY
CHAMBER TESTING
In order to determine the degree of corrosion contamination a
metal test specimen encountered during the testing period, two
variables were used-changes in the particular specimen's weight
and visual changes in the appearance of the particular specimen.
These variables were chosen after reviewing testing literature on
this particular subject matter. For instance, a widely accepted book
on the subject of corrosion and corrosion testing states that visual
observations and loss in weight are two ways to determine "the
amount and influence of corrosion."52 The advantages of measuring
both of these variables lies in their simplicity.53 In addition to this,
by measuring the loss in weight a quantitative estimate of the
amount of corrosion can be made.54
Before the post-humidity test weighing could be performed on
the unprotected metal specimens (those specimens used to monitor
the severity of the corrosive environment), the corrosive debris that
had accumulated during testing had to be removed in order to get as
accurate as possible post-humidity chamber test weight. This
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corrosion removal exercise consisted of first removing of all the
flaky and bulky corrosion with the use of a brush that contained non-
metallic bristles. Careful consideration was given to avoid
damaging/removal of any of the bare metal on the surface of the
specimens. After this was completed the metal specimens were
rinsed with water. The guidelines for these procedures were
developed after review of ASTM Designation: G 1 - 90 (Reapproved
1994).55
Most of the metal specimens enclosed in the film pouches had
only slight amounts of corrosion on their surfaces (as compared to
the unprotected specimens). This light corrosion was mostly in the
form of discoloration. Removal of this light corrosion by brushing
(as referenced in ASTM Designation: G 1 - 90 (Reapproved 1994)-
previous paragraph) could remove unnecessary amounts of the
original coating and/or bare metal of the test specimens. The
removal of one or both of these substances, would likely give a less
accurate post-humidity chamber test weight reading per specimen,
than if they were left alone. In addition to this, the smallest
amounts of corrosive residue would be needed for the final visual
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observations/conclusions of this experiment. For these reasons,
unlike the unprotected specimens, the protected metal specimens
were post-humidity test weighed and visually examined without any
brushing/cleansing so as to observe and document all possible
amounts of corrosion contamination that may be present.
These variables (appearance and weight) were documented at
the start of the experiment and at the end. After reviewing ASTM
Designation: G 46 - 92, a chart was developed to classify visual
differences among post-humidity metal testing specimens.56 This
chart illustrated the size and extent of corrosion contamination
found on the metal test specimens. The chart also categorizes
corrosion contamination by levels. By documenting and reviewing
this data, conclusions can be made as to the severity of the
corrosive environment and the level of protection that was afforded
by the packaging devices (film pouches, desiccants and oxygen
absorbers). Information on this particular chart is documented later
on in this section. The environmental room conditions at the time of
the specimens pre/post test weight and appearance evaluations was
approximately 80F with 65% RH.
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After review of corrosion testing procedures that assess the
effect and degree of corroded metal through "microscopic and
macroscopic examination57, a post-humidity chamber visual
examinations of metal test specimens were performed. This
examination was performed under laboratory lighting using the bare
eye and a laboratory microscope set at various powers (7.5x-25x).
A visual corrosion contamination percentage of the surface of
the specimens was assessed. This was figured by calculating the
approximate area of contamination a typical metal test specimen
recorded. For instance, each testing specimen had a surface area of
approximately
1.5"
x
2.5" in size, per side. This gives a total
surface area of approximately 3.75in2 per side. From this total
surface area, an approximate area of surface corrosion
contamination was figured. For instance, a metal specimen found to
have approximate areas of corrosion contamination of
1/16" to
1/8"
in diameter on one side only, was documented as having .02%-.03% of
surface corrosion. The key on the following page documents
numbers that designated visual levels of corrosion contamination
found on the post-humidity chamber test metal specimens. These
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numbers are put into a graphic form on pages 42 and 43 in table form
on pages 67-69, DATA SUMMARY section.
Visual Examination Key
#0-indicates no visible amount of corrosion,
#1- typically indicates a slight amount corrosion, the size of these
corroded areas are approximately
1/16"-1/8" in area-
approximately .02%-.03% of surface area per side, up to but not
exceeding 19% of surface area,
#2-indicates significant areas of corrosion, typically anywhere
from 3/4"-1" in area-approximately 20%-27% of surface area per
side, up to but not exceeding 51%;
#3- indicates 51%-100% of corrosion contamination per side, a
typical specimen had 100% contamination on both sides, this
corrosion is so thick that it can be flaked / scraped / brushed off.
>- darkened area(s) graphically indicates an approximate
size/area of visual corrosion contamination found on a particular
specimen.
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LEVEL 0
LEVEL 1
VISUAL LEVELS OF CORROSION CONTAMINATION ILLUSTRATED
Figure 2
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VISUAL LEVELS OF CORROSION CONTAMINATION ILLUSTRATED
Figure 2 Continued
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The following information on pages 44 - 47 will outline the
highlights of the entire array of tasks and procedures used in
performing this study.
Flow Chart Outlining Sequence of Tasks Performed for the
Completion of Humidity Chamber Test Corrosion/Protective
Packaging Study
Acquired testing materials from reputable suppliers-metal tes
panels, barrier film laminate, desiccants and oxygen absorbers.
U
Etched in identification numbers into metal testing specimens.
U
Visually inspected and weighed metal testing specimens, desiccants
and oxygen absorbers. Recorded this information for post-humidity
testing evaluations/comparisons.
1
Three-sided film pouches were fabricated from high barrier film
laminated material-size; approximately
3.5"
x 3.5". Numerically
identified film pouches with a permanent ink magic marker.
U
Calculated and administered the proper amounts of desiccant and
oxygen absorber per film pouch-instructions/formulas are
described in the SAMPLE PREPARATION section.
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Film pouches were then filled with their designated testing
components. An example showing typical testing set (set #1) is as
follows- Specimen #1A-"control" metal specimen inserted
alone into barrier film pouch, Specimen #1B-metal specimen
inserted with desiccant, Specimen #1C-metal specimen inserted
with oxygen absorber; Specimen #1D-metal specimen inserted
with both desiccant and oxygen absorber. Specimen #1 is left
unprotected in humidity chamber. Pouches were then heat-sealed
closed.
II
Performed performance integrity test on film pouches-testing
protocol followed guidelines set forth in ASTM Designation: D 3078
84 (described in SAMPLE PREPARATION section).
li
Assembled materials and chemicals needed for humidity chamber
(desiccator). Mixed the proper amounts of chemicals and inserted
materials according to the proportions/instructions in the
EXPERIMENTAL SETOF PROCEDURES.
ii
45
Placed two sets of film pouches and their contents into one
desiccator. Film pouches were spaced as evenly apart as possible so
as to ensure circulation of atmosphere contained in desiccator. Total
of four desiccators were utilized.
U
Placed desiccators in laboratory oven for 30 days at 50C. (RH
during testing remained at a constant 80%-85%).
II
After 30-days removed desiccators/specimens. Repeated
performance integrity test on film pouches per ASTM test method
described earlier (Designation: G 1 - 90 (Reapproved 1994)).
Z
Unprotected specimens were scrubbed lightly with brush
incorporating non-metallic bristles (nylon) to remove corrosive
residue then rinsed with reagent grade water and weighed-as per
instructions found in ASTM method mentioned earlier in this section
(Designation: G 1 - 90 (Reapproved 1994))
_
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All test subjects (metal testing specimens, desiccants and oxygen
absorbers) were then weighed and visually examined with the bare
eye and a microscope set on 7.5x-25x. Guidelines for these tasks
came from ASTM Designation: G 1 - 90 (Reapproved 1994)~as
mentioned earlier in this section. This data was collected and
documented (data is shown in. the following section, DATA
SUMMARY).
Data was then quantified and illustrated by changes in weight and
appearance. Weight data was organized into tables and charts.
Guidelines for the visual data was developed and charted after
reviewing ASTM Designation: G 46 - 92-mentioned earlier in this
section. This information is shown in the following section-DATA
SUMMARY.
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CHAPTER 3
DATA SUMMARY
Microsoft Excel, Version 5.0 and Microsoft Word, Version
6.0.1. were used to tabulate and organize the collected data found in
this section. The following information reviews the identification
designations for the testing subjects.
All single digit numbers (i.e., 1,2,3...) designate the unprotected
metal specimens.
All numbers with the letter
"A"
next to them (i.e., 1A, 2A, 3A...)
indicate a metal test specimen enclosed alone in a film pouch (this
is also the control population.
All numbers with the letter
"B"
next to them (i.e., 1B, 2B, 3B...)
indicate a metal test specimen enclosed with a desiccant.
All numbers with the letter
"C"
next to them (i.e., 1C, 2C, 3C.)
indicate a metal test specimen enclosed with an oxygen absorber.
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All numbers with the letter
"D"
next to them (i.e., 1D, 2D, 3D...)
indicate a metal test specimen enclosed with both a desiccant and
oxygen absorber.
All weightings are documented in terms of grams. All
decimal places were brought out to the fourth decimal point (with
the exception of desiccant and oxygen absorber weightings-reasons
for this are explained on page 52).
The post-humidity test population of unprotected metal
specimens had an average per specimen weight change of -0.7060,
with a maximum weight change of -0.2757 and a minimum weight
change of -1.0883. The range of these numbers were 0.8126 with a
standard deviation of 0.2898. The average percentage of weight
change per specimen of this population was -4.2332% with a
maximum of -1.6717% and a minimum of -7.0164%. The range of
these percentages is 5.3447% with a standard deviation of 1.8508%.
This information is documented in Table II, page 55.
The post-humidity chamber test population of protected metal
specimens (those enclosed in high barrier film laminated sealed
pouches with their respective contents) had an average per specimen
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weight change of -.0444, with a maximum weight change of .0004
and a minimum weight change of -1.0033. The range of these
numbers were 1.0037 with a standard deviation of .1828. The
average percentage of weight change per specimen of this population
was -0.2888%, with a maximum of 0.0026% and a minimum of
-6.4482%. The range created by these numbers was 6.4509% with a
standard deviation of 1.1758%. This information is documented in
Table III, page 56.
The post-humidity chamber test population of metal specimens
enclosed alone in film pouches (control specimens) yielded an
average weight change per specimen of -0.0037, with a maximum
weight change of -0.003 and a minimum of -0.0041. These numbers
created a range of 0.0011 with a standard deviation of 0.0004. The
average percentage of weight change per specimen of this population
was -0.0278%, with a maximum of -0.226% and a minimum of
-0.322%. The range created by these numbers was 0.0096% with a
standard deviation of 0.0032%. This information is documented in
Table IV, page 57.
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The post-humidity chamber test population of metal specimens
enclosed in a film pouch with a desiccant had an average weight
change per specimen of -0.0037, with a maximum of 0.0004, and a
minimum of -0.0048. These numbers created a range of 0.0052 with
a standard deviation of 0.0017. The average percentage of weight
change per specimen of this population was -0.0257% with a
maximum of 0.0026% and a minimum of -0.0332%. The range of
these percentages are 0.0359% with a standard deviation of
0.0117%. This information is documented in Table V, page 58.
The post-humidity chamber test average weight change per
specimen for metal specimens enclosed in the film pouches with an
oxygen absorber was -0.0413, with a maximum weight change of
-0.0025, and a minimum of -0.3031. The range created by these
numbers was 0.3006 with a standard deviation of 0.1058. The
average percentage of weight change of this population per specimen
was -0.2707%, with a maximum of -0.0188% and a minimum of
-1.9806%. These percentages created a range of 1.9618% with a
standard deviation of 0.6910%. This information is documented in
Table VI, page 59.
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The post-humidity chamber test population of metal specimens
enclosed in a film pouch with both a desiccant and an oxygen
absorber had an average weight change per specimen of -0.129, with
a maximum of -0.0029 and a minimum of -1.0033. These numbers
created a range of 1.0004 with a standard deviation of 0.3533. The
average weight change percentage per specimen was -0.8311%, with
a maximum of -0.0223% and a minimum of -6.4482%. These numbers
created a range of 6.4259% with a standard deviation of 2.2697%.
This information is documented in Table VII, page 60. A chart
comparing the averages of these tables (ll-VII) can be seen on page
61.
Desiccants and oxygen absorbers had to be measured to the
nearest hundred decimal place. This was because these substances
reacted immediately with the environment the instant they were
removed from their protective shipping packages. This meant that
they would start gaining weight. On an electronic scale this caused
a constant changing (increase) of the third and fourth decimal
positions.
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The post-humidity chamber test population of desiccants had
an average weight change per device of .24, with a maximum of .34
and a minimum weight of .01 . The range of these numbers were .33
with a standard deviation of .09. The population had an average
weight change per device percentage of 16.24% with a maximum of
22.67% and a minimum of 0.58%. These percentages created a range
of 22.09% with a standard deviation of 6.36%. This information is
derived from Table VIII, page 62.
The post-humidity chamber test population of oxygen
absorbers had an average weight change per device of .03, with a
maximum of .19 and a minimum of -.15. The range of these numbers
were .34 with a standard deviation of .14. The average percentage of
weight change per device of this population was 1.49% with a
maximum of 9.18% and a minimum of -7.28%. These percentages
created a range of 16.46% with a standard deviation of 6.76%. This
information is derived from Table IX, page 63. A chart comparing
the averages of these two tables (VIII, IX) can be seen on page 64.
Pre/post test vacuum chamber submersion testing to indicate
leaks in the thirty-two film pouches were found to be negative (no
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leaks were detected). The data concerning this exercise are
documented on pages 65-67, Table X.
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Table II
UNPROTECTED METAL SPECIMENS PRE/POST-HUMIDITY
CHAMBER TEST WEIGHTS
SPECIMEN PRE- TEST POST-TEST WT. %OF
WT. WT. CHANGE CHANGE
1 16.4918 16.2161 -0.2757 -1.6717%
2 16.2065 15.2825 -0.924 -5.7014%
3 18.0074 17.2784 -0.729 -4.0483%
4 18.005 17.215 -0.79 -4.3877%
5 16.6886 16.2718 -0.4168 -2.4975%
6 15.5108 14.4225 -1.0883 -7.0164%
7 16.8774 16.408 -0.4694 -2.7812%
8 16.575 15.62 -0.955 -5.7617%
AVERAGE -0.7060 -4.2332%
MAXIMUM -0.2757 -1.6717%
MINIMUM -1.0883 -7.0164%
RANGE 0.81 26 5.3447%
STANDARD DEVIATION 0.2898 1 .8508%
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Table III
PROTECTED METAL SPECIMENS (Enclosed In Film Pouches)
PRE/POST-HUMIDITY CHAMBER TEST WEIGHTS
SPECIMEN PRE-TEST WT. POST-TEST WT. WT. CHANGE % OF CHANGE
1A 14.6125 14.6088 -0.0037 -0.0253%
1B 15.1189 15.1193 0.0004 0.0026%
1C 13.2868 13.2843 -0.0025 -0.0188%
1D 15.5593 14.556 -1.0033 -6.4482%
2A 13.2509 13.2479 -0.003 -0.0226%
2B 15.3727 15.3683 -0.0044 -0.0286%
2C 15.3031 15 -0.3031 -1.9806%
2D 15.0701 15.0649 -0.0052 -0.0345%
3A 12.1723 12.169 -0.0033 -0.0271%
3B 13.7677 13.764 -0.0037 -0.0269%
3C 14.6164 14.6132 -0.0032 -0.0219%
3D 14.998 14.9941 -0.0039 -0.0260%
4A 13.0061 13.0021 -0.004 -0.0308%
4B 11.1291 1 1.1254 -0.0037 -0.0332%
4C 15.0373 15.032 -0.0053 -0.0352%
4D 13.5201 13.5156 -0.0045 -0.0333%
5A 13.4769 13.4728 -0.0041 -0.0304%
5B 14.7595 14.7554 -0.0041 -0.0278%
5C 14.4365 14.433 -0.0035 -0.0242%
5D 14.9083 14.9036 -0.0047 -0.0315%
6A 12.4251 12.421 1 -0.004 -0.0322%
6B 14.2241 14.2196 -0.0045 -0.0316%
6C 15.286 15.2811 -0.0049 -0.0321%
6D 14.491 14.487 -0.004 -0.0276%
7A 13.7394 13.7358 -0.0036 -0.0262%
7B 15.066 15.0612 -0.0048 -0.0319%
7C 13.6068 13.6035 -0.0033 -0.0243%
7D 12.9938 12.9909 -0.0029 -0.0223%
8A 14.7809 14.7768 -0.0041 -0.0277%
8B 15.7272 15.7228 -0.0044 -0.0280%
8C 14.958 14.9538 -0.0042 -0.0281%
8D 13.6573 13.6538 -0.0035 -0.0256%
AVERAGE -0.0444 -0.2888%
MAXIMUM0.0004 0.0026%
MINIMUM 1.0033 -6.4482%
RANGE 1.0037 6.4509%
STANDARD DEVIATION0.1828 1.1758%
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Table IV
PROTECTED METAL SPECIMENS ENCLOSED ALONE IN FILM
POUCHES PRE/POST-HUMIDITY CHAMBER TEST WEIGHTS
(Control Population)
SPECIMEN PRE-TEST POST-TEST WT. %OF
WT. WT. CHANGE CHANGE
1A 14.6125 14.6088 -0.0037 -0.0253%
2A 13.2509 13.2479 -0.003 -0.0226%
3A 12.1723 12.169 -0.0033 -0.0271%
4A 13.0061 13.0021 -0.004 -0.0308%
5A 13.4769 13.4728 -0.0041 -0.0304%
6A 12.4251 12.4211 -0.004 -0.0322%
7A 13.7394 13.7358 -0.0036 -0.0262%
8A 14.7809 14.7768 -0.0041 -0.0277%
AVERAGE -0.0037 -0.0278%
MAXIMUM -0.003 -0.0226%
MINIMUM -0.0041 -0.0322%
RANGE 0.0011 0.0096%
STANDARD DEVIATION 0.0004 0.0032%
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Table V
METAL SPECIMENS ENCLOSED WITH DESICCANT IN FILM
POUCHES PRE/POST-HUMIDITY CHAMBER TEST WEIGHTS
SPECIMEN PRE-TEST POST-TEST WT. %OF
WT. WT. CHANGE CHANGE
1B 15.1189 , 15.1193 0.0004 0.0026%
2B 15.3727 15.3683 -0.0044 -0.0286%
3B 13.7677 13.764 -0.0037 -0.0269%
4B 11.1291 11.1254 -0.0037 -0.0332%
5B 14.7595 14.7554 -0.0041 -0.0278%
6B 14.2241 14.2196 -0.0045 -0.0316%
7B 15.066 15.0612 -0.0048 -0.0319%
8B 15.7272 15.7228 -0.0044
-0.0036
-0.0280%
AVERAGE -0.0257%
MAXIMUM 0.0004 0.0026%
MINIMUM -0.0048 -0.0332%
RANGE 0.0052
0.0017
0.0359%
STANDARD DEVIATION 0.0117%
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Table VI
METAL SPECIMENS ENCLOSED WITH OXYGEN ABSORBER IN FILM
POUCH PRE/POST-HUMIDITY CHAMBER TEST WEIGHT
SPECIMEN PRE-TEST POST-TEST WT. %OF
WT. WT. CHANGE CHANGE
1C 13.2868 13.2843 -0.0025 -0.0188%
2C 15.3031 15 -0.3031 -1.9806%
3C 14.6164 14.6132 -0.0032 -0.0219%
4C 15.0373 15.032 -0.0053 -0.0352%
5C 14.4365 14.433 -0.0035 -0.0242%
6C 15.286 15.2811 -0.0049 -0.0321%
7C 13.6068 13.6035 -0.0033 -0.0243%
8C 14.958 14.9538 -0.0042 -0.0281%
AVERAGE -0.0413 -0.2707%
MAXIMUM -0.0025 -0.0188%
MINIMUM -0.3031 -1.9806%
RANGE 0.3006 1.9618%
STANDARD DEVIATION0.1058 0.6910%
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Table VII
METAL SPECIMENS ENCLOSED IN FILM POUCH WITH BOTH
DESICCANT AND OXYGEN ABSORBER PRE/POST-HUMIDITY
CHAMBER TEST WEIGHTS
SPECIMEN PRE-TEST POST-TEST WT. %OF
WT. WT. CHANGE CHANGE
1D 15.5593 14.556 -1.0033 -6.4482%
2D 15.0701 15.0649 -0.0052 -0.0345%
3D 14.998 14.9941 -0.0039 -0.0260%
4D 13.5201 13.5156 -0.0045 -0.0333%
5D 14.9083 14.9036 -0.0047 -0.0315%
6D 14.491 14.487 -0.004 -0.0276%
7D 12.9938 12.9909 -0.0029 -0.0223%
8D 13.6573 13.6538 -0.0035 -0.0256%
AVERAGE -0.129 -0.8311%
MAXIMUM -0.0029 -0.0223%
MINIMUM -1.0033 -6.4482%
RANGE 1.0004 6.4259%
STANDARD DEVIATION 0.3533 2.2697%
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UNPROTECTED PROTECTED PROTECTED SPECIMENSWITH SPECIMENSWITH SPECIMENSWITH
SPECIMENS SPECIMENS SPECIMENS DESICCANT OXYGEN OXYGEN
(Control Group) ABSORBER ABSORBER&
DESICCANT
POPULATIONS OFMETAL TEST SPECIMENS
Figure 2
CHART ILLUSTRATING UNPROTECTED/PROTECTED METAL
SPECIMENS POST-HUMIDITY TESTWEIGHT CHANGE
AVERAGES
(Data taken from Tables ll-VII)
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Table VIII
DESICCANT PRE/POST-HUMIDITY CHAMBER TEST WEIGHTS
POUCH DESICCANT DESICCANT
WITH PRE-TEST POST-TEST WEIGHT %OF
DESICCANT WEIGHT WEIGHT CHANGE CHANGE
1B 1.74 2.07 0.33 18.97%
1D 1.28 1.5 0.22 17.19%
2B 1.37 1.64 0.27 19.71%
2D 1.56 1.83 0.27 17.31%
3B 1.58 1.91 0.33 20.89%
3D 1.5 1.84 0.34 22.67%
4B 1.81 1.88 0.07 3.87%
4D 1.36 1.58 0.22 16.18%
5B 1.35 1.57 0.22 16.30%
5D 1.59 1.9 0.31 19.50%
6B 1.36 1.64 0.28 20.59%
6D 1.54 1.83 0.29 18.83%
7B 1.33 1.6 0.27 20.30%
8B 1.73 1.74 0.01 0.58%
8D 1.59 1.76 0.17 10.69%
AVERAGE 0.24 16.24%
MAXIMUM 0.34 22.67%
MINIMUM0.01 0.58%
RANGE 0.33 22.09%
STANDARD DEVIATION 0.09 6.36%
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Table IX
OXYGEN ABSORBERS PRE/POST-HUMIDITY CHAMBER TEST
WEIGHTS
POUCH WITH PRE-TEST POST-TESTWEIGHT %OF
OXYGEN WEIGHT WEIGHT CHANGE CHANGE
ABSORBER
1C 2.07 2.25 0.18 8.70%
1D 2.09 2.02 -0.07 -3.35%
2C 2.04 2.2 0.16 7.84%
2D 2.06 1.94 -0.12 -5.83%
3C 2.08 2.26 0.18 8.65%
3D 2.08 1.99 -0.09 -4.33%
4C 2.08 2.27 0.19 9.13%
4D 2.08 1.99 -0.09 -4.33%
5C 2.06 2.24 0.18 8.74%
5D 2.1 2 -0.1 -4.76%
6C 2.07 2.25 0.18 8.70%
6D 2.06 1.98 -0.08 -3.88%
7C 2.07 2.26 0.19 9.18%
7D 2.06 1.98 -0.08 -3.88%
8C 2.05 2.06 0.01 0.49%
8D 2.06 1.91 -0.15 -7.28%
AVERAGE 0.03 1 .49%
MAXIMUM 0.1 9 9.18%
MINIMUM1-0.15 -7.28%
RANGE 0.34 16.46%
STANDARD DEVIATION0.14 6.76%
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Table X
PRE/POST HUMIDITY CHAMBER VACUUM CHAMBER
SUBMERSION TESTING FOR LEAKS IN FILM POUCHES
(Table covers pages 65 and 66)
BARRIER VACUUM
POUCH CHAMBER
1A No Leaks
Detected In
This Pouch
1B it
1C (i
1D it
2A it
2B a
2C II
2D It
3A 11
3B il
3C II
3D tl
4A It
4B tl
PRE-TEST
INSIDE
POST-TEST
VACUUM INSIDE
CHAMBER ENVIRONMENT
Dry No Leaks
Detected In
This Pouch
Dry
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PRE-TEST POST-TEST
BARRIER VACUUM INSIDE VACUUM INSIDE
POUCH CHAMBER ENVIRONMENT CHAMBER ENVIRONMENT
4C No Leaks
Detected In
This Pouch
Dry No Leaks
Detected In
This Pouch
Dry
4D
5A
5B
5C
5D
6A
6B
6C
6D
7A
7B
7C
7D
8A
8B
8C
8D
66
Table XI
PRE/POST HUMIDITY CHAMBER TEST LEVELS OF VISUAL
CORROSION CONTAMINATION FOUND ON METAL TEST
SPECIMENS (Table covers pages 67-69) (Side 1 is the side
containing the etched identification number. Page 70
contains a chart illustrating these values.)
PRE-HUMIDITY POST-HUMIDITY
CHAMBER TEST LEVEL OF CHAMBER TEST LEVEL OF
VISUAL CORROSION
IE 1 SIDE 2
METAL VISUAL CORROSION
SPECIMEN LEVELS- -SIDES 1 & 2 SIC
1 #0 #3
1A #0 #0
1B #0 #1
1C #0 #2
1D #0 #1
2 #0 #3
2A #0 #1
2B #0 #1
2C #0 #2
2D #0 #2
3 #0 #3
3A #0 #1
3B #0 #1
3C #0 #2
3D #0 #2
#3
#1
#1
#1
#1
#3
#1
#1
#1
#2
#3
#1
#1
#2
#2
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PRE-HUMIDITY POST-HUMIDITY
CHAMBER TEST LEVEL OF CHAMBER TEST LEVEL OF
METAL VISUAL CORROSION VISUAL CORROSION
SPECIMEN LEVELS-SIDES 1 & 2 SIDE 1 SIDE 2
4 #0 #3 #3
4A #0 #1 #1
4B #0 #1 #1
4C #0 #2 #1
4D #0 #1 #1
5 #0 #3 #3
5A #0 #1 #1
5B #0 #1 #2
5C #0 #1 #2
5D #0 #1 #1
6 #0 #3 #3
6A #0 #0 #1
6B #0 #1 #1
6C #0 #2 #1
6D #0 #1 #2
7 #0 #3 #3
7A #0 #1 #1
7B #0 #1 #1
7C #0 #2 #2
7D #0 #2 #1
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METAL
SPECIMEN
8
8A
8B
8C
8D
PRE-HUMIDITY POST-HUMIDITY
CHAMBER TEST LEVEL OF CHAMBER TEST LEVEL OF
VISUAL CORROSION VISUAL CORROSION
LEVELS-SIDES 1 Si 2 SIDE 1 SIDE %
#0 #3 #3
#0 #1 #1
#0 #1 #1
#0 #2 #1
#0 #1 #2
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VISUAL LEVEL OF CORROSION
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CHAPTER 4
POTENTIAL SOURCES OF ERROR
Whenever a study contains as many factors and variables as
this particular study does, it is important to try and identify
potential sources of error. By identifying and trying to eliminate
these possible sources of error, any future testing endeavors of this
particular subject matter may be able to minimize/eliminate errors
in the experiment and resulting data.
When using any film, structural imperfections in the form of
"pinholes"
can occur. Pinholes are tiny voids in film that can occur
during the fabrication of the film. Other situations can also be
responsible for contributing to pinholes/voids in films. For
instance, heat sealing the film pouches in this particular study
required extensive handling tasks and procedures. The heat sealing
instrument utilizes a set of
"jaws" to accomplish its task. If the
film is improperly aligned into these jaws, films can be unevenly
sealed, thus causing possible voids (pinholes) in the heat sealed
areas of the film pouch.
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Corrosive elements (i.e., moisture, atmospheric
pollutants/contaminants) could have been introduced to the metal
test specimens during transfer times. Transfer time in this
particular test was the period after the completion of sample
preparation exercises/procedures and before insertion of the test
specimens into the humidity chamber(s). Although care was taken as
to minimize this time, a slight amount of atmospheric
contamination is possible. This contamination could result in
additional corrosion found on the post-humidity test specimens.
Inconsistencies in the material make-up of test
materials/devices is another legitimate area of concern when
addressing potential sources of error. Any deviation of material
make-up could artificially heighten or weaken the corrosion
protection capabilities of that particular testing sample, which
would affect the testing data. For example, did the manufacturers
of the testing subjects (metal test specimens, films, desiccants,
oxygen absorbers and reagent grade chemicals) have consistency in
their material make-up, did they follow GMP's (Good Manufacturing
Practices) and what was the degree of quality control measures
during manufacturing?
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Improperly set-up and usage and/or improperly calibrated
equipment, can also cause errors in collecting and documenting
testing data. For instance, has the equipment been calibrated on
regular schedule and in a proper manner--in accordance with the
equipment specifications as set forth by the manufacturer. This
particular study addressed this concern by following the equipment
manufactures operating instructions, as well as, checking /
verifying the calibration dates of equipment utilized whenever
possible, so as to ensure quality performance / readings.
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RECOMMENDATIONS FOR FURTHER STUDY
The size of the test population(s) used in this study (eight sets
of five specimens) proved to be large enough to draw a conclusion by
studying trends found in the data (weight / visual changes in the
post-humidity test specimen populations). This particular
conclusion also provided strong evidence in support of the stated
hypothesis-a high barrier film pouch can offer a moderate to high
degree of protection against corrosion on the surface of metals.
One way of strengthening this hypothesis however, would be to
collect data from a repeat of this humidity chamber experiment
using an increased number of specimen samples. This increased
number of data would add even more support to the stated
hypothesis.
Another area to investigate for further study would be a
detailed evaluation of the particular film lamination used. One
possible way to learn more about this device would be to encompass
a detailed evaluation of methods and machinery used in the
fabrication of the film, as well as further testing (i.e., further Gelbo
Flex testing). Further information in these areas might be able to
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spot imperfections/weaknesses that could negatively affect the
structural integrity of the film. Also, additional studies that
evaluate the corrosion protection of the singular film components of
the barrier film pouch would be useful (i.e., polyester, aluminum foil
and polyethylene). This information would be helpful in targeting
which film components are the strongest/weakest against this type
of corrosive environment. Further corrosion studies could benefit
from this information by knowing which areas may need to be
strengthened in order to provide a stronger barrier to corrosion (i.e.,
a future study may show that by bulking up the aluminum foil film
thickness, a greater protection level was achieved).
By strengthening/weakening the particular corrosive
chemicals used in this study, conditions in the humidity chamber can
be varied. Another corrosion study addressing this situation might
develop data that would show the best/worst environment for the
particular packaging devices/systems used in this study (barrier
film pouches, desiccants and oxygen absorbers). For instance,
instead of using temperatures of approximately 123F, as this
experiment did, document the results using 85-90F (noting any
trends).
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Also was the corrosion contamination that developed on the
surface of the metal test specimens done at a constant rate or did it
happen all at once? The answer to this question could be important
to address because it might be able to show the limits of protection
a particular packaging device/system has. One possible way to
conduct this type of an experiment would be to test these devices
systems in cycles of corrosion tests for various time periods. For
instance, a 10 day corrosion study (using the same testing protocol
set forth by this study) might show that there is no corrosion
contamination on the surfaces of the testing metal specimens, after
20 day test, there is a minimal amount of contamination and after
30 day test, a significant amount of corrosion is recorded.
The one area of most concern (and interest) in this study was
the unexpected reaction of the oxygen absorbers to the testing
conditions. The particular oxygen absorbing devices used in this
study not only showed more overall corrosion contamination on the
specimens'it was enclosed with (when compared to the control
specimens and specimens enclosed with a desiccant), but seem to
actually be a part of the corrosion contamination. This was best
illustrated by having to pull off one of the oxygen absorbers from a
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metal test specimen. Because of this phenomena, further studies
concerning the corrosion protection capabilities of these substances
should be conducted. Possible suggestions for further studies of
these devices might include a variety of corrosion tests (not just
humidity chamber), to see if it was just the environment/conditions
of this particular test that caused this reaction, or was it some
other factor (i.e., the chemicals contained in the oxygen absorber
may show an adverse reaction with the cold-rolled steel found in the
particular specimens used in this study).
Taking the time to do an extensive real time corrosion study of
barrier films, desiccants, oxygen absorbers, in an actual
environment (i.e., an actual distribution cycle) would provide
valuable data as to how these devices react/protect in dynamic real
environment setting. However, studies such as these would have to
be long enough to incorporate most of the possible environmental
conditions (i.e., temperature/weather pattern changes) as well as
variable atmospheric contaminants (i.e., different pollutants that
may be present in the atmosphere and their particular levels of
concentration). With these considerations, it probably would take a
very long time (months/years) to incorporate the necessary
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environmental conditions/factors needed to conduct a valid real
time corrosion study.
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CONCLUSION
After review of the criteria used to evaluate the post-
humidity chamber testing data (weight/visual changes), it is clear
that this particular environment was of a highly corrosive nature
and thus sufficiently met the demands of the stated OBJECTIVE.
This is best evidenced by the conditions (especially visual) of the
unprotected metal test specimens. For instance, all of the
specimens had a #3 level corrosion (100% contamination on both
sides). Because this environment can also be easily developed and
duplicated, it is also an excellent mechanism to conduct studies
calling for cycles of testing.
Post-test analysis of the protected metal specimens, those
enclosed in film pouches, provided resulting data to support the
stated hypothesis (a high barrier film pouch can provide a moderate
to high degree of protection for the surfaces of metal(s) exposed to
a corrosive environment). This was best evidenced by the fact that
the majority of the specimens experienced smaller degrees of visual
change and little in the way of weight changes as compared to the
other testing populations (specimens enclosed with oxygen
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absorber/specimens enclosed with both desiccant and oxygen
absorber).
Review of the post-humidity chamber test visual changes
showed that the control population of metal specimens had 14 sides
with level 1 corrosion contamination present and two sides with no
visual contamination detected. The population of metal specimens
enclosed with a desiccant had 15 sides at level 1 corrosion
contamination and one side at level two contamination. In contrast
to these populations, we see that only six sides of the specimens
enclosed with an oxygen absorber recorded a level 1 corrosion
contamination, and 10 sides were observed with a level 2. The
specimen population enclosed with both desiccant and oxygen
absorber contained nine sides of the specimens with level 1
contamination and seven sides with level 2. From this visual data, a
few conclusions can be made.
The first conclusion is that the control specimen population
and the population of specimens enclosed with a desiccant offered a
much higher degree of protection when compared to the populations
of specimens enclosed with an oxygen absorber and populations
enclosed with a desiccant and oxygen absorber. The second
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conclusion is that it appears that the oxygen absorber somehow
contributed to the corrosion contamination on these particular metal
surfaces. A post-humidity test observation of the oxygen absorbers
texture, might be able to give some insight into the phenomena of
oxygen absorbers actually contributing to the corrosion of the metal
specimens.
Unlike desiccants, which adsorb, the oxygen absorbers
absorbed gases in the enclosed environment of the film pouches.
This means that while the desiccants adsorbed moisture/corrosive
contaminants only on the surface of the device, the oxygen absorbers
were completely saturated with the gases/corrosive contaminants
contained in the film pouches. Because of these differences, it was
noticed that the two devices internal components (chemicals) were
different at the end of the humidity chamber test.
The internal chemicals of both the desiccants and oxygen
absorbers, at the start of the humidity chamber test had a
"granular" feel to them. However, at the end of the test it was
observed that the desiccants still had their original
"granular" feel
to them while the oxygen absorber chemicals felt like they had
"gelled" into a soft and solid substance. This may have caused the
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corrosive environment enclosed in the film pouches to completely
saturate the oxygen absorber with its contaminants. This
"saturation"
may have caused corrosion damage, should this device
lean up against/adhere itself to the metal surface of a specimen. By
leaning up against the metal specimen moisture and other
contaminants could get trapped between the surface of the metal
and the oxygen absorber, thus causing corrosion contamination.
Both the populations of desiccants and oxygen absorbers each
experienced expected gains in weight at the end of the test.
However, the desiccant population had a significant post-humidity
chamber test average weight of 16.24%, while the oxygen absorbers
had a only a 1.49% average weight increase per device at the end of
the test. This information would lead one to believe that because of
the increase in weight of the desiccants a higher level of protection
should have occurred to the test specimens. This reasoning is
derived from the fact that the desiccant is designed to pick up
moisture-less moisture should have been available to contaminate
the specimens who had this device in their film pouch as compared
to the other specimens who did not.
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This was found not to be the case however with respect to the
population of control specimens. The population of control
specimens experience almost identical weight / visual changes as
the population enclosed with desiccants. Therefore, there can only
be speculation as to this conclusion. One possible explanation may
be that the desiccants did perform superior to the control
population, but not for the total testing period. For example,
desiccants may have had the highest level of protection out of all
devices/systems but only for a period of 20 days at which time they
stopped adhering moisture to their surface. This may be the same
theory that could be applied to oxygen absorbers--they were
effective, but for a period shorter than 30 days.
For the most part, the weight changes with respect to the
population of protected metal test specimens, were minimal (the
specimens lost only .0444 grams on average). This decrease in
weight was most likely caused by the metal surfaces oxidizing under
the environmental conditions of the test. A review of the various
weight losses experienced by the different specimen populations
does show a distinctive
"gap" in post-humidity test weight losses.
This "gap" in the final weight among the different specimen
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populations, helps support the stated hypothesis by showing less
deterioration due to such corrosive conditions as oxidation in the
control specimen population.
By reviewing the post-humidity test population of control
specimens, we see that the average weight loss was 0.0037 grams.
This weight loss is approximately 11 times smaller than the weight
loss experienced by the specimens enclosed with an oxygen absorber
and approximately 34 times smaller than the weight loss
experienced by the specimens enclosed with both the desiccant and
oxygen absorber. The population of specimens enclosed with a
desiccant experienced a very similar post-test weight loss (0.0036
grams). From this weight loss we see that the post-humidity test
weight loss of this particular population is (again) approximately 11
times less than the population of specimens enclosed with an oxygen
absorber and approximately 35 times less than the population of
specimens containing both desiccant and oxygen absorber.
The vacuum chamber submersion test results indicated that a
good to excellent quality film lamination was utilized for this test.
One possible explanation for contamination on the metal specimens
in spite of this is that the film may have contained pinholes, but if
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it did, these voids were so small that this particular vacuum
chamber submersion test could not detect them. Another possibility
may be that small amounts of contaminants (i.e., moisture) may have
been introduced and trapped in this film during transfer times and
thus, contributed to a corrosive atmosphere in the film which may
have added to the metal specimens surface corrosion contamination.
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